A. Introduction.-It is known that very distant nebulae, probably galactic systems like our own, show remarkably high receding velocities whose magnitude increases with the distance. This curious phenomenon promises to provide some important clues for the future development of our cosmological views. It may be of advantage, therefore, to point out some of the principal facts which any cosmological theory will have to account for. Then a brief discussion will be given of different theoretical suggestions related to the above effect. Finally, a new effect of masses upon light will be suggested which is a sort of gravitational analogue of the Compton effect.
irreversible effects is avoided, and we may be sure that these relations are the rigorous result of thermodynamic principles, with no assumptions involving the neglect or irreversible aspects of the phenomena.
The formal thermo-magnetic analogy of the Thomson transverse effect in crystals is an absorption of heat by a heat current flowing transversely in a bar carrying a longitudinal electric current of density i in a perpendicular magnetic field in amount equal to the fraction PHi/T of itself per unit length measured transversely. This may be proved at once from the equation of energy balance.
1 P. W. Bridgman, Phys. Rev., Dec., 1924, 644-651 (6) Extrapolating from Hubble's relation to objects in our own galactic system, the velocity of recession would become so small (5 km./sec. for 10,000 parsecs) that it would escape observation. The theoretical considerations proposed by the author in the following made it probable that an appreciable effect should also be observed in our galaxy. This suggestion was tested by Dr. ten Bruggencate, whose work will be published shortly. His essential result is that the velocity of recession of the globular clusters is a function of the galactic latitude, increasing with decreasing latitude. 4 We proceed now in discussing different theoretical possibilities of accounting for the phenomenon described above.
C F. The Gravitational "Drag" of Light.-According to the relativity theory, a light quantum hp has an inertial and a gravitational mass h.
It should be expected, therefore, that a quantum hv passing a m~ass -will not only be deflected Put it will also transfer momentum and energy to the mass M and make it recoil. During this process, the light quantum will change its energy and, 'therefore, its frequency. It is hardly possible Vow. 15, 1929 to give a completely satisfactory theory of this gravitational analogue of the Compton effect, without making use of the general theory of relativity. But a rough idea of the nature and the magnitude of the effect may be obtained in the following way.
Suppose a mass m to be traveling on a straight line (x-axis) with a uniform velocity v. The mass M is located at the point P(x,y). If v is sufficiently large, then the actual path will differ only little from the straight line. The force F acting between m and M can then be obtained This is a second order effect.
In the above calculation, we have assumed that the gravitational interaction is transmitted instantaneously. Let us consider now the case when gravity waves travel with the velocity of light c. Then we have according to the theory of the retarded potentials, The disturbance caused by the motion of m from x = 0, t = 0 to t = T. x = L = vT is acting on M from to = /x2 + y2/c to tT = T + 1/c V(L -X)2 + y2. We obtain therefore, In regard to D, it must be remarked that it should be as large as the dimension of the space over which masses are distributed, if those masses are regarded as independent from each other. But the masses are in reality coupled by gravitational forces and the effect of an external perturbation upon them must be computed by considering the system of the far distant masses as a whole. The correct theory will probably have to VOL. 15, 1929 be worked out in terms of absorption of gravitational waves. But I think it may be safely assumed that the distance D in which the perturbing effect of the moving mass m begins to fade out is very large compared with the mutual distances of the single masses M in which matter is essentially concentrated.
Going over to the case of light, we have v = c and m = hv/c2. We conclude by analogy that a relation of the above type still is valid, especially as it can be derived by simply using dimensional reasoning. Light traveling a distance L then would lose the momentum /hV\ 1.4irfpDL hv For the total space investigated, the possible limits for p are according to E. Hubble 1026gr./cm.3> p > 10-`'. The mutual distance I of the galactic systems being of the order I = 106 parsecs, we may assume D for instance of the order 1000 1 3 X 1027 cm. Then Av/v for L = 106 parsecs according to our formula will be in the limits 3 X 10-2 > Av/v > 3 X 10-7. From Hubble's linear relation, we have Av/v -1/600 for the same L. In view of this agreement in order of magnitude, a further elaboration of the theory seems to be worthwhile.
Applying the above theory to globular clusters of our own galaxy it would be essential to take into account the actual mass distribution. We will, however, obtain an estimate of the order of magnitude by taking L = 15000 parsecs, D = 1000 1 with I = I parsec for the mutual average distance of the stars. The limits for the density are 10-20 gr./cm.3 > Pg > 10-24 gr./cm. The redshift therefore would be 4.2 X 10-4 >-> 4.2 X . Dir. ten Bruggencate has, in fact, been able to establish a relation between the redshift and the distribution of matter in space. He finds /low V for light traveling through a distance of 15,000 parsecs in the galactic plane. It would be very important to measure the radial velocities of as many globular clusters as possible in order to decide definitely between the different theories. It is especially desirable to determine the redshift independent of the proper velocities of the objects observed. This miglt, for instance, be done with help of the steady calcium lines. It is easy to see that the above' redshift should broaden these absorption lines asyminetridafly toward the rd. If these lines can be photographed with a'high' enough dispersion, the displacement of-the center of gravity of the'line'will give the redsbiftin'dependent'of the'velocity-of-the system froni whih thlie'ight is emiitted.'
